function []=addition_of_conotoxin()
cl c;

cl ear;

close all;

[V,t] = hodgki nHuxl eyMenbr anePot enti al ();

conc = cationConcentrations(V);

%renbr anePot enti al Pl ot (t,V, conc);

%ationTi mePl ot (t, conc);

concentration_matri x = potassi untodi umConcentration(t, V, conc);
pot assi unSodi unri mePl ot (t, concentration_matrix, V);

end

function [V,t] = hodgki nHuxl eyMenbr anePot enti al ()
%Constants set for all Methods
Cn=0. 01; % Menbr ane Capcitance uF/ cmt2
dt=0.01;% Tinme Step ns
tmax = 35;
t=0:dt:tnmax; %ine Array ns

1 =0.4; %xternal Current Applied
ENa=55.17; % nv Na reversal potenti al
EK=-72.14; % nv K reversal potential
El =-49.42; % nv Leakage reversal potential
gbar Na=1.2; % nf5/cnm2 Na conduct ance
gbar K=0. 36; % nf5/ cnm*2 K conduct ance
gbar | =0. 003; % ntS/cm*2 Leakage conduct ance
V(1)=-60; % Initial Menbrane voltage
m(1)=am(V(1))/(am( V(1)) +bm(V(1))); % Initial mvalue
n(1)=an(V(1))/(an(V(1))+bn(V(1))); %Initial n-value
h(1)=ah(V(1))/(ah(V(1))+bh(V(1))); % Initial h-value
for i=1l:length(t)-1
%ul er nethod to find the next m n/h val ue
n(i +1) =nm(i) +dt>((am(V(i))*(1-n(i)))-(br(V(i))*n(i)));
n(i+1)=n(i)+dt>((an(V(i))*(1-n(i)))-(bn(V(i))*n(i)));
h(i+1) =h(i)+dt>((ah(V(i))*(1-h(i)))-(bh(V(i))*h(i)))
gNa=gbar Na* (i ) *3*h(i);
gK=gbar K*n(i)"4;
gl =gbarl ;

| Na=gNa* ( V(i) - ENa) ;
| K=gK* (V(i) - EK) ;
Il =gl *(V(i)-El);

%tul er nethod to find the next voltage val ue
V(i +1)=V(i)+(dt)*((2/Cy*(1-(I Na+l K+l 1)));

end
end

function [conc] = cationConcentrations(V)
% Finding the total concentration of cations




cellvol = .67; % . coli volunme \nmunt3

cellvol = cellvol * (1/(1le+6))"3 * (1000/1);
% \mun™3 * (1nf 1e6\ num "3 * (L/nt3)
%ellcol = cellvol *1000

% 3 * (L/ m3)

cel | surfacearea = .77911; % nunt2

p = 1.6e-19; %harge of single +1 ion
C = 1*(1/(1e6))*(100)~2*cel | surfacearea*(1/1e6)"2; %Capacitance per unit |engt
%4\ muF/ cmt2* (1F/ 1e6\ muF) * (100cm m) A2* (\ mum*2) * (1 1e6\ num) ~2
nions = C *V.*1073/p; %Jnitless
N = 6. 02e23; %Avogadro' s Nunber
nmol s = nions/N;
| 0o = 190+20; %nitial intracellular concentration of positive ions in E Col
conc = (nnols./cellvol)+l_o; %oncentrati on change per voltage change
end

function[] = nenbranePotential Plot(t,V, conc)
%l oti ng the nmenbrane potential and cation concentration v. tine
figure
yyaxis left
plot(t,V,"b")
yl abel (' Menbrane Potential (mv)");
yyaxi s right
plot(t,conc,'r")
ylinm([290, 310])
yl abel (' Concentration of positive ions (mMV)')
| egend(' Menbrane potential (mV)',' Concentration')
xlabel (" Tinme (\nmu s)');
title(' Menbrane potential and Cation Concentration')
title(' Menbrane potential for Hodgki n-Huxl ey Model ')
end

function [] = cationTi mePlot(t, conc)
%l oting the concentrations of cations v. tine
figure
plot(t,conc,'r")
title('Intracellular Cation Concentration Due To Change In Voltage')
| egend(' Concentration of positive ions (nV"')
xlabel ("Tinme ( \nmu s)")
yl abel (' Concentration (mvV)")
end

function [concentration_matrix] = potassiunBSodi unConcentration(t, V, conc)
% Determ ne the concentrati ons of Potassium and Sodi um
%based on the total concentration of cations
UWnitial intracellular concentration of Potassium
Kinitial = 190; % niV

%dnitial intracellular concentration of Sodi um
Nainitial = conc(l)-Kinitial

%/ector of initial concentrations
initial _concentration = [Kinitial; Nainitial];




Wnitialize a matrix where first rowis K concentration, second row is Na
%oncentration, each colum is tinme step corresponding to the Euler's
%ret hod tinme step for determ ning nenbrane potentia

%Series of if-statements which determ ne which channel /punp is rel event
%i ven the voltage and timne.

9N\unerical derivative of concentration wt tine

dC = diff(conc);

concentration_matrix = zeros(2,length(dQC));
concentration_matrix(:,1) = initial_concentration
Wnitialize a matrix to represent which channel is open
% [ Na channel ; Na/K punp; K channel]

channel open = zeros(4, | ength(dQ));

channel open(1,:) = t(1:length(t)-1);

t hreshol dpotential = -38.0389; %V

di sp([' The threshold potential for the opening of sodiumvoltage'...,

gated ion channel in E. coli is predicted to be ',...
nun2str(threshol dpotential),' mlivolts']);
for n = 2:1ength(conc)-1
%Det er mi ne whi ch punp is open based on changi ng concentrations
if dC(n-1) > 0 %e, if cation concentration is rising
if V(n-1)> threshol dpotential %W, the approximate threshold for Na ch
channel open(2,n) = 1;
concentration_matri x(:,n) = sodiumchannel (dC(n), ..
concentration_matrix(:,n-1));
else Uf the threshold has not been neet, the change is due to
% he Na/ K punps
concentration_matri x(:,n) = sodium potassi um punp(dC(n), ..
concentration_matrix(:,n-1));
channel open(3,n) = 1;
end
else % f the cation concentration is decreasing, it is due to a opening
%f K chanels
channel open(4, n) =1;
concentration_matri x(:,n) = potassi um channel (dC(n), ..
concentration_matrix(:,n-1));
end
end
end

function []= potassi unBSodi unili nePl ot (t, concentrati on_matri x, V)
%l ot concentrations of both ions v. tine
figure
plotyy(t(1l:length(t)-1),concentration_matrix(1,:),t(1l:length(t)-1),...
concentration_matrix(2,:))
grid m nor
yl abel (' Concentration (mvV)")
xl abel (" Tinme (\nus)")
llegend(" KM +}", " Nar{+}")
title(' Concentrations of individual intracellular cations')
end




function [V] = gol dnmanhogki nkat z(t, concentrati on_matri x)
%Assune extracel lul ar concentration remains fixed

R = 8. 3144598;

T = 310;

F = 96485;

Kin = concentration_matrix(1,:);
Kout = 10. 455;

Nai n = concentration_matrix(2,:);
Naout = 481.75;

p_k =1;

p_na = 0.05;

nuner at or = Kout *p_k+Naout *p_na;
denom nator = (Ki n*p_k+Nai n*p_na);
for n = 1:length(t)-1
V(n) = -R*T/F * | og(numerator/denom nator(n));
end

figure

plot(t(1l:length(t)-1),V)
end

function [out] = potassium channel (dC, C n)
out = Cin + dC*[1;0];
end

function [out] = sodium channel (dC, G n)
out = Gn + dC[0; 1];
end

function [out] = sodium potassium punp(dC, Cin)
out = Gn + dC[3;-2];
end

function [a] = am(v) %Al pha for Variable m
a = 0.1%(v+35)/ (1-exp(-(v+35)/10));
end

function [b] = bm(v) %Beta for variable m
b = 4. 0*exp(-0.0556*(v+60));
end

function [a] = an(v) %Al pha for variable n
a = .01*(v+50)/ (1-exp(-(v+50)/10));
end

function [b] = bn(v) %Beta for variable n
b = 0.125*exp(-(v+60)/80);
end

function [a] = ah(v) %Al pha value forr variable h
a = 0.07*exp(-0.05*(v+60));
end




function [b] = bh(v) %beta value for variable h
b = 1/ (1+exp(-(0.21)*(v+30)));
end
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